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ABSTRACT

Infections due to Cryptococcus species occur globally and in a wide variety
of hosts, ranging from those who are severely immunosuppressed to those
who have phenotypically “normal” immune systems. Approximately 1 mil-
lion cases of cryptococcosis occur throughout the world, and is it estimated
that there are 650,000 associated deaths annually. Most of these cases occur
among patients with advanced HIV disease, but a growing number occur
among solid organ transplant recipients and others receiving exogenous
immunosuppression, patients with innate and acquired immunodeficiency,
and otherwise immunologically normal hosts. Much of our recent knowledge
is solely derived from clinical experience over the last 2 to 3 decades of
cryptococcosis among HIV-infected patients. However, based on recent ob-
servations, it is clear that there are substantial differences in the epidemi-
ology, clinical features, approaches to therapy, and outcome when comparing
HIV-infected to non—HIV-infected individuals who have cryptococcosis. If
one carefully examines cryptococcosis in the three largest subgroups of
patients based on host immune status, specifically, those with HIV, solid
organ transplant recipients, and those who are non-HIV, non-transplant
(NHNT) infected persons, then one can observe very different risks for
infection, varied clinical presentations, long-term complications, mortality,
and approaches to therapy. This article focuses on cryptococcosis in the
non—HIV-infected patient, including a brief review of ongoing events in the
Pacific Northwest of the United States and Canada relative to the outbreak
of Cryptococcus gattii infections among a largely immunologically normal
population, and highlights some of the key insights and questions which
have emerged as a result of these important new observations.

INTRODUCTION

Cryptococcosis is an important opportunistic fungal infection caus-
ing an estimated 1 million cases and 625,000 deaths per year due to
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central nervous system (CNS) disease among patients with human
immunodeficiency virus worldwide (1). The vast majority of cases
globally were caused by Cryptococcus neoformans, compared to the
more geographically restricted Cryptococcus gattii. Although crypto-
coccosis is most often associated with HIV infection, in many centers,
especially in more developed countries, the majority of cases occur
among non—HIV-infected individuals including transplant recipients;
patients who are receiving immunosuppressive agents such as gluco-
corticosteroids, cytotoxic chemotherapy, TNF-« inhibitors, and other
disease modifying agents; and a heterogeneous group of patients with
underlying disorders such as organ failure syndromes, innate immu-
nologic problems, common variable immunodeficiency, and hemato-
logic disorders. Moreover, in many centers, up to 20% of cases of
cryptococcosis occur in phenotypically “normal” or otherwise clinically
non-immunocompromised patients (2).

In the United States, Australia, and Canada, in particular, the
decline of HIV-associated cryptococcosis due to potent intervention
with combination antiretroviral therapy has led to more focus on
non—HIV-associated cryptococcosis including its epidemiology, early
recognition, treatment, and outcome (2-5). Moreover, the recent emer-
gence of Cryptococcus gattii in British Columbia and the US Pacific
Northwest, mostly among otherwise non-immunocompromised indi-
viduals, emphasizes the importance in differentiating infection in HIV-
and non—HIV-infected patients in hopes of better understanding the
clinical features and outcomes among these two groups of patients
(6-9). Cryptococcosis in non-immunocompromised patients presents
unique diagnostic and therapeutic challenges, and detailed data ad-
dressing these differences are lacking. A better understanding of clin-
ical and epidemiological manifestations of cryptococcosis based on host
immune status could lead to important new insights into the patho-
genesis, immune response, early recognition, treatment, and the pre-
vention of complicated cryptococcal infections.

MICROBIOLOGY AND EPIDEMIOLOGY

Fungi belonging to the genus Cryptococcus are basidiomycetes that
are encapsulated yeasts. Cryptococcus neoformans and Cryptococcus
gattii are the chief pathogens in humans, and inhalation is the usual
route of primary infection (10). C. neoformans was originally classified
into serotypes A, B, C, D, and AD based on capsular agglutination
reactions (11). More recently, C. neoformans has been divided into two
varieties: C. neoformans var. grubii (formerly group A) and C. neofor-
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mans var. neoformans (formerly group D) (12). C. neoformans is a
ubiquitous pathogen found in most temperate regions of the world. It
was originally discovered by Sanfelice in 1894 (13), but is commonly
found in decaying organic matter and in many soil types, particularly
that which has been enriched by animal and bird droppings.

C. gattii (formerly groups B and C) (14) can be divided into four
molecular types including VGI, VGII, VGIII, and VGIV (15). Types
VGII can be further divided into VGIIa, VGIIb, and VGIIc subtypes
(16). C. gattii can be readily differentiated from C. neoformans by
plating the isolate on canavanine-glycine-bromothymol (CGB) agar
(17). CGB agar turns blue in the presence of this organism. C. gattii is
traditionally found in tropical and subtropical geographic regions (18,
19). In 1999, an unprecedented outbreak occurred in British Columbia
(BC), Canada (6, 20), and subsequently spread to much of the US
Pacific Northwest (PNW) (7-9). Although many hypotheses have been
proposed regarding the source of the outbreak and reasons for it
dissemination environmentally, to date, the causes remain unclear.

CRYPTOCOCCOSIS IN TRANSPLANT RECIPIENTS

Prospective data derived from the Transplant Associated Infection
Surveillance Network (TRANSNET), a consortium of 23 transplanta-
tion centers in the United States, showed that cryptococcosis is the
third most common invasive fungal infection among solid organ trans-
plant (SOT) recipients. The cumulative incidence over the life of the
patient approximates 1% to 2%, but the 12-month incidence in this
study was only 0.2% (21). CNS involvement and disease limited to the
lungs were observed in 45% and 39% of cases, respectively; the ob-
served 12-month survival in this population was 73%. Cryptococcosis
was generally a late post-transplantation complication, with a median
time to diagnosis (TTD) of 20 months after SOT with a significant
proportion of patients presenting after 3 years (21).

In 2009, more than 65,000 patients were awaiting SOT (22). These
patients have end-stage organ disease that is often complicated by
multiple co-morbidities, and many of them are at risk for developing
cryptococcosis while on the transplant waiting list. Patients with end-
stage liver disease and cirrhosis are a subgroup at particularly high
risk of cryptococcosis and may present with atypical manifestations,
such as chronic peritonitis (4). As such, many patients develop cryp-
tococcosis while on the waiting list for transplantation. Limited data
are available on these patients, but most authorities agree that they
can undergo transplantation once the infection is under good control
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(23); that is, resolution of the signs and symptoms and negative culture
results for Cryptococcus (24).

Current screening practices have a remarkable track record for
maintaining safety in transplantation (25-27). Donor-derived crypto-
coccal infections occur, but this is distinctly uncommon. However, the
occurrence of cryptococcosis in the first 30 days post-transplantation
should raise the concern for either unrecognized pre-transplantation
cryptococcosis or donor-derived cryptococcal disease (28, 29). If donor-
derived infection is a concern, a key intervention is to ascertain the
clinical status of other recipients of organs from the same donor and to
test pre-transplantation serum from both donor and recipient for the
presence of cryptococcal antigen (CrAg). Clusters of infection require
notification of the organ procurement organization and of public health
authorities to assist in the investigation (25). One of the more dramatic
cases of donor-derived cryptococcosis is a recent report of cryptococco-
sis in which one liver and two renal transplant recipients developed
cryptococcosis within 1 month of receiving organs from a donor with
steroid-dependent sarcoidosis who died with an undifferentiated neu-
rological syndrome (29). Two of the transplant recipients developed
pneumonia, one developed meningitis, and all three developed crypto-
coccemia. None of these patients died from cryptococcosis. The recipi-
ents’ fungal isolates where analyzed with multilocus sequence typing
and found to be identical, thus confirming a common source of infec-
tion. Autopsy of the donor also confirmed the diagnosis of cryptococco-
sis. This case underscores the challenges faced by the transplantation
team when confronted with a potential donor with an undifferentiated
neurologic illness (26). Screening for cryptococcosis in the donor pop-
ulation has not been prospectively studied and is not recommended
routinely, but it is prudent to remain alert to this possibility among
potential organ donors with unexplained pulmonary and/or CNS dis-
orders. SOT recipients are at high risk for nephrotoxicity associated
with the concurrent use of amphoterian B (AmB) and calcineurin
inhibitors (CINs). For this reason and the lack of any recent prospec-
tive data in the clinical trial setting, the Infectious Diseases Society of
America (IDSA) (30) and American Society of Transplantation (5)
recommend treating SOT recipients with disseminated, CNS, and se-
vere pulmonary cryptococcosis with 2 weeks of induction therapy with
the combination of a lipid formulation AmB plus flucytosine. For those
patients with meningoencephalitis and a positive cerebrospinal fluid
(CSF) culture at baseline, a repeat lumbar puncture is recommended
before stopping this regimen; if CSF cultures remain positive, then a
longer course of therapy is advised. For those SOT recipients with
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isolated pulmonary disease, a lumbar puncture is recommended to
exclude occult CNS involvement (30). Fluconazole 400 to 800 mg daily
is recommended for induction therapy with mild to moderate pulmo-
nary cryptococcosis.

The suggested consolidation and maintenance therapy in SOT recip-
ients with CNS cryptococcosis is fluconazole (400 to 800 mg) for 8
weeks followed by fluconazole (400 to 200 mg) for 6 to 12 months (30).
The use of this approach is associated with a very low risk of relapse,
and is supported by data among a group of 79 patients with cryptococ-
cosis in whom maintenance therapy was administered for a median of
183 days with relapse occurring in only 1 patient (1.3%) (31).

Reduction of immunosuppression in transplantation patients with
cryptococcosis or other opportunistic infections seems to be a logical
approach, but this should be done with caution. The goal of immuno-
suppressive reduction is to promote the eradication of the infection, but
at the same time, it is important to minimize the risk of immune
reconstitution inflammatory syndrome (24). Abrupt reduction of im-
munosuppressants can lead to immune reconstitution inflammatory
syndrome (IRIS) with an associated risk of graft loss and worsening
clinical symptoms. The recommended approach is to gradually reduce
the corticosteroids before reducing the CINs and other immunosup-
pressive agents.

Many important questions remain pertaining to cryptococcosis in
the transplantation patient: What is the optimal dose and duration
of induction AmB for severe or life-threatening cryptococcosis, in-
cluding CNS and pulmonary disease? What is the optimal strategy
for immunosuppressive reduction after an episode of cryptococcosis
to reduce the risk of IRIS? Are there easily available pre-transplan-
tation screening approaches for cryptococcosis which are both feasi-
ble and effective? What is the optimal timing of transplantation in
patients with a pre-transplantation diagnosis of cryptococcosis? Mul-
ticenter studies will be required to address the many key questions
in this vulnerable population.

CRYPTOCOCCOSIS IN NON-HIV, NON-TRANSPLANT
PATIENTS

Cryptococcosis is classically considered a systemic opportunistic my-
cosis, in that disease mostly occurs among patients who have a pre-
disposing factor or underlying disease such as end-stage liver disease,
renal insufficiency, sarcoidosis, and other conditions (2, 32—-34). How-
ever, it can also affect patients who are phenotypically normal. Hence,
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this is a heterogeneous population that ranges from apparently normal
hosts to those with significant immunologic impairment including
those on chemotherapy and/or immunosuppressive therapy, those with
organ dysfunction and those with innate or acquired immunodeficien-
cies. It is difficult to draw conclusions about epidemiology, clinical
presentation, prognosis, and outcomes given these varied host groups.
Moreover, it is also challenging to tailor a treatment regimen that fits
all patients (30).

Patients of particular interest in this group are those who have no
known predisposing factors and develop severe pulmonary or extrapul-
monary cryptococcosis. The subpopulation of these otherwise “normal”
patients constitutes 17% to 22% of overall population in reported series
of the NHNT patients. Although these patients seem to be a homoge-
neous group, they probably represent the congruence of subclinical
innate or acquired immunodeficiencies. Outcomes and complications
may be more severe in this group of otherwise normal patients, includ-
ing more likely permanent neurologic sequelae such as stroke, blind-
ness, deafness, and other focal cranial nerve abnormalities (35). A
deeper understanding of the pathogenesis of cryptococcosis in this
group could provide critical insights into mechanisms of disease and
more effective therapy.

As currently understood, non-immunocompromised patients are gen-
erally more likely to develop pulmonary cryptococcosis as a sole mani-
festation of disease compared to immunocompromised hosts (32). Those
who are least immunosuppressed tend to present with more localized
findings on imaging, and granulomata with monocytic infiltration on
histopathology. Those who are more immunosuppressed have a propen-
sity to develop multifocal and/or diffuse findings on imaging, and histo-
logical findings which lack the presence of mononuclear inflammation
and well-formed granulomata (36). Historically, NHNT patients present-
ing with meningoencephalitis tend to have higher CSF cell counts pro-
tein levels and lower glucose levels when compared to HIV-positive
patients and transplant recipients (37). They are also less likely to be
India ink—positive than their HIV counterparts.

In a recent retrospective study at our institution, we identified 302
patients diagnosed with cryptococcosis between 1996 and 2010 (38).
Among these patients, 36% were HIV-positive, 28% were organ trans-
plant recipients (OTRs), and 36% were NHNT patients. There were 39
phenotypically normal patients in the NHNT cohort. The demograph-
ics and underlying conditions of these patients are shown in Table 1.
The mean TTD among NHNT patients was 68 days, significantly
longer when compared to HIV-positive (22 days) and OTRs (26 days)
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TABLE 1
Characteristics of 302 Patients With Cryptococcosis at UAB, 1996-2010

67

HIV

OTR

NHNT

Characteristics N=108 N=84 N =110 V:l)ue ’11:101213(8211((()72
(%) (%) (%)
Mean age (= SD), years 39(9.8) 54(119) 56(15.3) <0.001 49 (12.6)
Male gender (%) 84 (78) 52 (62) 67 (61) 0.012 203 (67)
Caucasian (%) 23 (21) 66 (79) 83 (75) <0.001 172 (57)
African American (%) 83 (77)  18(22) 22 (20) <0.001 123 (41)
Mean TTD, days 22 26 68 <0.001 40
Transplant type (%)
Kidney 0 (0) 46 (55) n/a n/a 46 (15)
Liver 0 (0) 17 (20) n/a n/a 17 (6)
Heart 0 (0) 15 (18) n/a n/a 15 (5)
Lung 0 (0) 9(11) n/a n/a 9(3)
Pancreas 0(0) 5(6) n/a n/a 5(2)
HSCT 0(0) 2(2) n/a n/a 2(0.7)
Underlying disease (%)
None n/a n/a 39 (36) n/a 39 (13)
Steroids 0(0) 73 (88) 27 (25) <0.001 100 (33)
Renal Insufficiency/ESRD 3(3) 36 (43) 7(6) <0.001 46 (15)
Cancer 1(1D) 5 (8) 31 (28) <0.001 37(12)
Diabetes mellitus 4(4) 21 (25) 13 (12) <0.001 38 (13)
Rheumatologic disease 0(0) 1(D) 7(6) 0.008 8(3)
Cirrhosis 0 (0) 11(13) 5(5) <0.001 16 (5)
Site of infection (%)
CNS 95(88) 50 (60) 55 (50) <0.001 200 (66)
Bloodstream 47 (44) 23 (28) 26 (24) 0.005 96 (32)
Pulmonary 13(12) 31(37) 44 (40) <0.001 88 (29)
Cutaneous 4(4) 8 (10) 2(2) 0.033 14 (5)
Bone and joint 0 (0) 1(D 2(2) 0.388 3 (1
Soft tissue 0 (0) 2(2) 1(1D 0.251 3 (D
Clinical presentation (%)
Fever 44 (41) 33 (40) 31 (28) 0.119 108 (36)
Malaise 23(21) 25(30) 26 (24) 0.363 74 (25)
Weight loss 26 (24) 11(13) 19 (17) 0.150 56 (19)
Headache 71(66) 36(43) 44 (40) <0.001 151 (50)
Altered mental status 43 (40)  25(30) 27 (25) 0.039 95 (31)
Visual changes 24 (22) 5(6) 13 (12) 0.004 42 (14)
Cranial nerve palsy 9(8) 3(4) 9(8) 0.364 21(7)
Cough 15(14) 20 (24) 25 (23) 0.137 60 (20)
Dyspnea 9(8) 16 (19)  30(28) 0.001 55 (18)
Diagnostics (%)
Serum CrAg = 1:512 40 (37) 24 (29) 16 (15) 0.001 80 (27)
CSF CrAg = 1:512 40 (37)  17(20) 20 (18) 0.003 77 (26)
CSF OP 25 cm H,0 38(35) 11(13) 13 (12) <0.001 62 (21)
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TABLE 1—Continued

HIV OTR NHNT
Characteristics N = 108 N =284 N =110 V;ﬁue ’II\‘Iot:algCOgh(c;r‘;
(%) (%) (%) v
Mortality (%)
90-day mortality 20 (19) 14 (17) 29 (27) 0.190 63 (21)
1-year mortality 28 (26) 20 (24) 38 (35) 0.193 86 (28)

Abbreviations: HIV, human immunodeficiency virus; OTR, organ transplant recipient;
NHNT, non-HIV, non-transplant; TTD, time to diagnosis; HSCT, hematopoietic stem cell
transplant; ESRD, end-stage renal disease; CNS, central nervous system; CrAg, cryptococcal
antigen; CSF, cerebrospinal fluid; OP, opening pressure.

(P<0.001). Compared to HIV-positive patients, OTRs and NHNT pa-
tients were less likely to have CNS involvement and cryptococcemia.
Figure 1 shows the distribution of sites of involvement according to
host immune status.

Among all 302 patients, 90-day mortality was 21%. Mortality was
highest in the NHNT group (27%), but this did not reach statistical
significance across groups (P=0.190). On univariate analyses, prog-
nostic factors positively associated with 90-day mortality included
cancer (P=0.018), fever (P=0.031), altered mental status (P=0.001),
positive blood cultures (P<0.001), and high (=1:512) serum CrAg
(P=0-021). Demographic and clinical features negatively associated
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Fic. 1. Differential site of infection by host immune status among 302 patients with
cryptococcosis at UAB, 1996—-2010. (Abbreviations: HIV, human immunodeficiency vi-
rus; OTRs, organ transplant recipients; NHNT, non-HIV, non-transplant; CNS, central
nervous system.)
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with 90-day mortality were age <50 (P=0.020), headache at presen-
tation (P=0.003) or cough (P=0.047), and pulmonary site of infection
(P=0.027). In multivariable logistic regression analyses, cryptococce-
mia [odds ratio (OR) 5.09, 95% confidence interval (CI) 2.54-10-22;
P<0.001], baseline opening pressure 25 cm H,O (OR 2.93, 95% CI
1.25-6.88; P=0.013), and altered mental status (OR 1.96, 95% CI
0.98-3.91; P=0.057) were associated with increased odds of mortality.
In contrast, age < 50 years (OR 0.42, 95% CI 0.20-0.92; P=0.029) and
headache at presentation (OR 0.33, 95% CI 0.16—0.68; P=0-003) were
protective (Table 2). Choice of induction therapy, either monotherapy
or combination therapy, was not a significant prognostic factor.

A subanalysis of this cohort that compared features of 39 phenotyp-
ically normal patients to the other 263 immunocompromised patients
yielded very interesting results. Table 3 lists the underlying conditions
among the immunocompromised cohort, and shows that after HIV and
organ transplantation, neoplasia, chronic glucocorticosteroids, and di-
abetes mellitus were most common. Table 4 describes the clinical
presentation and sites of involvement for both cohorts, and shows that
there are few differences between these groups, including clinical
findings and the frequency of CNS cryptococcosis involvement. How-
ever, the time from initial symptoms to diagnosis was significantly
different for the two groups: 34 days versus 81 days for immunocom-
promised and normal patients, respectively (P<0.001), showing a sub-
stantial delay in diagnosis. Other important differences between the
two groups include higher mean CSF leukocyte counts (304 versus 79
cells/mm3) among “normal” hosts, higher serum CrAg titers for immu-
nocompromised hosts, and higher 90-day and 1-year mortality for
immunocompromised versus “normal” hosts. Finally, the need for a

TABLE 2
Results of Multivariable Analyses of Predictors of 90-day Mortality Among 302 Patients
With Cryptococcosis at UAB, 1996-2010

Variable OR 95% CI P Value
Cryptococcemia 5.09 2.54-10.22 <0.001
Baseline CSF opening pressure 25 cm H,0 2.93 1.25-6.88 0.013
Pulmonary cryptococcosis 0.44 0.18-1.07 0.070
Age < 50 0.42 0.20-0.92 0.029
Headache 0.33 0.16-0.68 0.003
Altered mental status 1.96 0.98-3.91 0.057
HIV versus NHNT 0.46 0.19-1.16 0.111
OTRs versus NHNT 0.46 0.21-1.05 0.111

Abbreviations: OR, odds ratio; CI, confidence interval, CSF, cerebrospinal fluid; HIV,
human immunodeficiency virus; NHNT, non-HIV, non-transplant; OTRs, organ transplant
recipients.



70 PETER G. PAPPAS

TABLE 3
Features of IC Compared With Non-IC Subjects in 302 Patients With Crypto at UAB,
1996-2010
. IC Non-IC
Characteristic N = 263 (%) N = 39 (%) P Value
Mean age, years (SD) 50 (14.8) 49 (14.9 0.815
Male gender 177 (67) 26 (67) 0.962
Caucasian 141 (54) 31 (79) 0.002
Underlying IC disease
HIV 108 (41) n/a n/a
OTRs 84 (32) n/a n/a
Cancer 31(12) n/a n/a
Chronic steroids 27 (10) n/a n/a
Diabetes mellitus 13 (5) n/a n/a
CKD / ESRD 7(3) n/a n/a
Cirrhosis 5(2) n/a n/a

Abbreviations: IC, immunocompromised; HIV, human immunodeficiency virus; OTRs, or-
gan transplant recipients; CKD, chronic kidney disease; ESRD, end-stage renal disease; n/a,
not available.

TABLE 4
Features of IC Compared With Non-IC Subjects in 302 Patients With Crypto at UAB,
1996-2010
. IC Non-IC
Characteristic N = 263 (%) N = 39 (%) P Value
Site of involvement
CNS 175 (67) 25 (64) 0.752
Bloodstream 95 (36) 1(3) <0.001
Pulmonary 72 (27) 16 (41) 0.067
Clinical presentation
Headache 132 (50) 19 (49) 0.864
Fever 99 (38) 9 (23) 0.072
Altered mental status 88 (33) 7(18) 0.053
Visual changes 34 (13) 8(21) 0.209
Cough 51(19) 9 (23) 0.607
Dyspnea 45 (17) 10 (26) 0.206
Mean time to diagnosis, days 34 81 <0.001

Abbreviations: IC, immunocompromised: CNS, central nervous system.

permanent CSF shunting procedure was significantly higher (44%
versus 14%) in “normal” versus immunocompromised hosts (Table 5).

The treatment recommendations for the NHNT population are mostly
based on data from clinical trials among HIV-infected patients or pro-
spective studies performed on HIV-negative patients more than 20 years
ago (30). There are little recent data regarding the duration of induction
for therapy for NHNT patients who have meningoencephalitis. Most
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TABLE 5
Features of IC Compared to Non-IC Subjects Among 302 Patients With Crypto at UAB,
1996-2010
Characteristic N = ;(6:3 %) Nl\ior;;)l((]% ) P Value
Serum CrAg = 1:512 75 (29) 5(13) 0.036
SF CrAg = 1:512 70 (27) 7(18) 0.237
Mean OP, cm H,O 31 36 0.238
Mean CSF WBC, cells/mm? 79 304 <0.001
Mean CSF glucose, mg/dL 48 37 0.053
Mean CSF protein, mg/dL 133 182 0.332
Permanent CSF shunt 24 (14) 11 (44) <0.001
90-day mortality 59 (22) 4(10) 0.081
1-year mortality 80 (30) 6 (15) 0.052

Abbreviations: IC, immunocompromised; CrAg, cryptococcal antigen; OP, opening pressure;
CSF, cerebrospinal fluid; WBC, white blood cell.

experts favor 2 to 4 weeks of induction therapy with AmB with or without
flucytosine, followed by step-down therapy to fluconazole 400—800 mg
daily for up to 12 months, depending on the clinical response. Treatment
for pulmonary cryptococcosis is directed towards improving the signs and
symptoms of disease and to prevent dissemination of organisms to the
CNS. All immunosuppressed patients with pulmonary cryptococcosis,
regardless of symptoms, should be offered a lumbar puncture to exclude
asymptomatic CNS cryptococcosis (30). Patients with severe manifesta-
tions of pulmonary disease should be treated similar to patients with
meningoencephalitis, whereas most of those with mild to moderate dis-
ease can be affectively managed with fluconazole 400—800 mg daily as
monotherapy for 6 to 12 months.

CRYPTOCOCCUS GATTII

Three studies from Australia and New Zealand (39-41) before the
current BC/PNW outbreak suggest that C. gattii infection occurs dom-
inantly in immunocompetent patients. In these series, the most com-
mon clinical presentation was meningoencephalitis followed by pulmo-
nary involvement. The investigators also showed that, compared to
patients with C. neoformans infections, patients with C. gattii infec-
tions were more likely to have a CNS or pulmonary cryptococcoma and
to undergo surgical procedures to treat this complication. The most
common molecular subtype reported in these series was VGI, and the
mortality ranged between 0% and 15% (16).

The recent outbreak of C. gattii infections in BC and the US PNW
has provided a somewhat different perspective into this infection.



72 PETER G. PAPPAS

Among the 218 cases recently described during the BC outbreak (6),
76.6% sought treatment for a respiratory syndrome, 7.8% for a CNS
syndrome, and 10.1% for both respiratory and CNS syndromes. Ap-
proximately 40% were considered immunocompromised. Risk factors
for C. gattii infection included age 50 years, smoking, corticosteroid use
in the 3 months before onset, HIV infection, a history of cancer, and
chronic lung disease (42). The molecular type VGIIa was responsible
for 86.3% of cases, whereas VGIIb and VGI represented 7.3% and
6.5% of the cases, respectively. The observed mortality in this study
was 8.7%.

C. gattii isolates in the US PNW differ somewhat from BC isolates,
and the distribution of these molecular subtypes is as follows: VGIla
(50%), VGIIc (32%), VGIIb (10%), VGI (5%), and VGIII (3% (7). To date,
VGIIc has not been reported outside the United States (16). A study led
by the Centers for Diseases Control and Prevention (CDC) (8) divided
the 96 cases of C. gattii reported in the United States during 2004 and
2011 into two groups: those who likely acquired infection in the
PNW/BC and those who likely acquired it elsewhere. Given that the
PNW outbreak is largely compromised of the molecular subtypes
VGIla, VGIIb, and VGIlc, these were considered outbreak strain in-
fections. Non-outbreak strains (mostly VGI) were responsible for 100%
of cases likely not acquired in PNW/BC cases whereas outbreak-strain
infections were responsible for 94% of cases acquired in PNW/BC
cases. Patients with outbreak-strain infection mainly presented with
respiratory disease, and the majority of them had a pre-existing con-
dition, most commonly chronic lung disease. On the other hand, almost
all of the patients with a non-outbreak strain presented with CNS
symptoms and only a third of them had a pre-existing condition. The
mortality in this study was 33%, higher than in the previously pub-
lished observations. An important observation from this study is that
C. gattii affects patients without exposure to the BC/PNW, but it is
a rare condition in the United States, causing both CNS and isolated
pulmonary disease, in both immunocompetent and immunosup-
pressed patients. Active surveillance for cases of C. gattii is being
undertaken to better define the prevalence of C gattii in the United
States, and to address other important questions related to patho-
genesis, relative virulence compared to C. neoformans, and optimal
treatment (7, 8, 43, 44).

The diagnosis of C. gattii disease can be elusive; there is overlap in
the epidemiology and clinical manifestations between C. gattii and C.
neoformans. Both pathogens can affect immunocompetent and immu-
nosuppressed hosts, and both cause CNS and pulmonary manifesta-
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tions (6.8). Routine culture techniques and the CrAg assay do not
distinguish between these infections. The use of CGB agar to distin-
guish C. gattii from C. neoformans is not routinely recommended in
traditionally low incidence areas of the world, but should be considered
in patients who present with intracranial cryptococcomas, for treat-
ment- resistant cases, and when there has been exposure to areas
endemic for the organism (16).

Recommendations from the IDSA (30) for the treatment of C. gattii
infections are based on few prospective data. Patients with meningoen-
cephalitis alone are treated with the same regimen as those patients with
C. neoformans. Patients with multiple CNS cryptococcomas require lon-
ger duration of therapy, but the length of therapy is determined by
clinical, mycologic, and radiographic response. Those patients with large
intracranial cryptococcomas that are excised surgically may require
shorter courses of antifungal therapy, but there is no consensus on this
approach. For patients with pulmonary manifestations, treatment rec-
ommendations depend somewhat on the presence or absence of a cryp-
tococcoma(s) and its size. Those with smaller cryptococcomas can be
treated following the same recommendations as for C. neoformans,
whereas those with large cryptococcomas may be treated with a combi-
nation of AmB and flucytosine for 4 to 6 weeks followed by 6 to 18 months
of fluconazole. Thoracotomy for excision should be considered for patients
in whom the lesions are unimproved after 4 to 6 weeks of therapy. These
recommendations are not based on prospective data, but rather case
reports and small case series. Intimately related to recommendations for
the treatment is the report of higher minimum inhibitory concentrations
(MICs) to selected azoles for C. gattii, although there is some inconsis-
tency between the different studies, possibly due to variations between
species and molecular types/subtypes and geographic regions. These
recent studies show that the expanded-spectrum triazoles, including
voriconazole, posaconazole, and isavuconazole (not FDA approved), have
low MICs versus C. gattii. Unfortunately, there are few data correlating
these antifungal MICs and clinical outcomes.

SUMMARY

A careful examination of cryptococcosis in non—HIV-infected patients
provides important insights into the epidemiology, pathogenesis, treat-
ment, and outcome of infections in this heterogeneous group of patients
who have not been studied in detail in the last 2 decades. A critical
analysis of cryptococcosis in these patients compared to those HIV-
infected patients suggest substantial differences in terms of natural
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history, clinical course, diagnosis, and outcome among these patients. As
we explore cryptococcosis more deeply in non—-HIV-infected patients,
especially among those who are otherwise normal, one must ask the
following questions: Apart from strain variation and different mating
types, what determines clinical expression of disease in otherwise
normal hosts? Why do these patients fare no better, and perhaps
worse, than their immunocompromised counterparts? Is it reason-
able to assume that treatment paradigms for HIV-infected patients
apply to non-immunocompromised patients? Is there a role for im-
munomodulation (e.g., glucocorticosteroids or interferon gamma) as
part of initial adjunctive therapy?

Among transplant recipients with cryptococcosis, we are particularly
challenged due to the lack of prospective trials examining alternative
approaches to therapy and prevention in SOT recipients. The role of
CINs in the pathogenesis and outcomes of cryptococcosis are must be
more clearly defined. There is a significant need for prospective trials
to assess therapy outcome, risk factor assessment, and the influence of
immunosuppressive therapy among transplant recipients. Finally, we
must explore ways to identify patients pre-transplantation who are at
particularly high risk for post-transplantation cryptococcosis.

The C. gattii outbreak in the PNW has also raised critically important
epidemiologic and clinical questions: How is C. gattii spreading through-
out the PNW? What are the geographic and ecological limitations to
further spread? How prevalent is C. gattii in other regions of the
United States? Who is at risk, and why do otherwise normal individ-
uals seem to be a prime target for clinically apparent infections?

These questions are not only critical to the basic understanding of
pathogenesis if this infection, but are quite relevant clinically. An
enhanced understanding of these and other fundamental questions
has the potential to impact millions of lives affected by this emerging
fungal pathogen.
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DISCUSSION

Wenzel, Richmond: Pete thanks so much, very interesting. You've raised a lot of
questions; one, in terms of the outcome being different. With a delay in diagnosis, it
seems like you might be just seeing late disease. Are there clinical correlates? For
example, more visual disturbances, more fundoscopic examination differences, more
brain edema on CT? A second question, if I can, are these people really normal or
different from somebody? For example, are they outside more often than other people?
Are they training for “an Iron Man Triathlon” in which, you know, your immune
functions actually deteriorate? And what are you doing to measure immunities, partic-
ularly cell-mediated immunity, to see that maybe they look normal but, in fact, there is
some other issue going on?

Pappas, Birmingham: Those are good questions. First, I think duration of symp-
toms and delayed diagnosis are keys. Also, the host immune response is really impor-
tant: higher rates of blindness, deafness, and shunting are probably markers for more
exuberant inflammation. If you've heard their stories, these patients show up with
headache oftentimes for weeks or months before a clinician thinks about doing an LP,
and often it’s when they lose vision or hearing that somebody manages to perform an LP.
It is as if they find cryptococcal disease almost by accident. So, I think length of
symptoms has something to do with the rate of complications. Their inflammatory
response, as you might expect, is more vigorous.

As to the genetics question, we are working with two groups; Lise-Anne Pirofski’s
group at Einstein, and we are beginning to provide her with DNA and cells from all of our
non-HIV patients with cryptococcosis. We have the patient population, she has the
technology, and we are beginning to work together in a cooperative arrangement. We
continue to work with CDC and are trying to generate a bank of specimens from these
types of patients.

As to your question regarding specific patient activities that might be risky, the
majority of the people we see are pretty inactive. This is Alabama, and we are the obesity
capital of the country, and most of these people, honestly, are not particularly active. We
did a study of risk factors for cryptococcosis in HIV-infected patients with CDC years
ago, and the only two things that trended toward significance were black race, and being
in an outdoor occupation. We couldn’t correlate risk with any specific activity or behav-
ior.

Mushlin, New York: Really interesting epidemiologic data and important particu-
larly in this endemic setting that you are dealing with. You know, the long duration of
symptoms before diagnosis and the lower mortality rate in the non-immunocompromised
patients really suggests to me that there may be a reservoir of unrecognized disease in
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ambulatory patient populations and in primary care community-based settings. In
Alabama, are there any data on that or are you looking more extensively in those
settings for unrecognized cryptococcal disease and a symptom complex that may be
related to it?

Pappas, Birmingham: Basically, what I can share with you about Alabama and
cryptococcosis is this: We gathered the data in early 1990s, when we polled all of the ID
physicians in the state, making the assumption that anyone with cryptococcal disease
would be eventually be seen or reported to an ID physician. There were about 10 ID
physicians outside of Birmingham at that time, and we were able to calculate a statewide
incidence of about 2/100,000 persons. These were mostly non—-HIV-infected patients. We
published these data in the American Journal of Epidemiology in 1994, but unfortu-
nately, the state didn’t take a great deal of interest in the data, so we have never really
been able to make it into a reportable disease statewide or to alert physicians to the
importance of this disease. To answer your question, I don’t know how much goes
undiagnosed, but I can tell you with confidence that late diagnosis relates to poor
recognition on the part of treating physicians.

Mackowiak, Baltimore: Very interesting presentation, Peter. You alluded to this
question and answered to it several times but have never addressed it directly. Why is
cryptococcosis so common in Alabama?

Pappas, Birmingham: That’s a good question.

Mackowiak, Baltimore: I mean, honestly, is it the soil, is it the moisture?

Pappas, Birmingham: The closer one gets to the tropics, generally the more cryp-
tococcal disease one encounters. To my knowledge, there are no data for other south-
eastern states, but it would be interesting to see data from Mississippi and Georgia. Stan
Chapman is here, and he could probably confirm that in Mississippi rates are similar to
ours, but I don’t know this. I don’t think these have been measured, but I suspect they
see about as much cryptococcal disease as we do. So, is it in the environment, is it in the
so0il? That certainly makes sense, but I just don’t know. I can tell you that the C. gattii
epidemic epidemiologists and the forestry service personnel in British Columbia have
looked into this extensively and have found the epidemic strains in abundance in certain
soil types and surrounding certain trees.

Hochberg, Baltimore: So, about two-thirds of your non-HIV non—organ transplant
population were immunocompromised right? So, of that group, which I guess was around
70, how many of those were on glucocorticoids and/or TNF inhibitors.

Pappas, Birmingham: I have the information but I can’t recall the numbers specif-
ically. I can tell you that the bulk of them were steroid recipients. The next largest group
was diabetics, and a smaller group with TNF-alpha inhibitors, and fewer still with organ
failure syndromes.

Hochberg, Baltimore: I was going to ask if the group that was on glucocorticoids or
TNF inhibitors had a different clinical outcome.

Pappas, Birmingham: Too few of these patients for me to address that question
accurately.

Baum, New York: A lot of the questions have dealt with the beginning of the disease
and the prolonged presentation time. How about the end? In New York with lots of these
patients being HIV-positive and having clinical AIDS, we’ve gotten used to treating them
for life. I am old enough to remember cryptococcosis before AIDS and, you know, when
they got better and the second LP showed a marked decrease in the lymphocytes, we
could no longer detect much antigen, we stopped. Are you treating these patients, other
than the AIDS patients, for life?

Pappas, Birmingham: We don’t treat most AIDS patients for life any longer. We
treat the AIDS patients until their CD4s are 100 or 150 cells/mm? consistently, and then
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withdraw therapy. If their cultures are negative, if the CD4 count is above this level, and
they’ve have had several months of antiretroviral therapy, then we stop therapy. We
don’t have a similar immunologic marker in transplant patients, but our rule of thumb
is to continue therapy for 6 to 12 months, reassess, and then stop therapy if the patient
is stable and without evidence of relapsing or persistent disease. The only persons who
traditionally go beyond 12 months of therapy are those who continue to have pulmonary
radiographic findings that are worrisome for persistent disease.

Baum, New York: And are the ones who are dying dying during therapy?

Pappas, Birmingham: I haven’t shown you mortality curves, but most death due to
cryptococcus occurs within 90 days. The curves really flatten out after that, but then
death is generally due to underlying disease.

Donowitz, Charlottesville: C. gattii is supposed to be harder to treat, so you treat
for longer, and there are more relapses. Is that due to differences in susceptibility or
interaction with host defense? Do you have a sense of that?

Pappas, Birmingham: It’s not clear. We are in the midst of gathering data from six
international sites pertaining to cryptococcosis. We are going to collate data from around
1200 cases, about 700 C. neoformans and 500 C. gattii cases with the purpose of
comparing clinical and microbiologic data for these two organisms. As for antifungal
susceptibility, it does appear that certain outbreak strains are more resistant to flucona-
zole. Posaconazole or voriconazole may be the best alternatives in these settings when
fluconazole fails.

Oates, Nashville: C. gattii is a tropical organism that now is appearing in North
America. Is this an example of the type of pathogen distribution change that might be
expected with climate change?

Pappas, Birmingham: Not necessarily. No one knows exactly how this occurred, but
this new strain certainly arose from an unusual mating event. Fungi are sexual organ-
isms and there are different mating types; it is hypothesized that an imported strain
from Australia or the Far East mated with a local (Vancouver Island) cryptococcus, a
new hybrid resulted with increased virulence, and the rest is history. These VGII a, b,
and c strains really are quite unique. Who knows how this occurred? Eucalyptus trees
are all up and down the West Coast, and many were brought from Australia. Other wood
products come to the West Coast from the Far East. In a way, it’s surprising that it has
not happened before now. What’s most surprising to me is that these new strains of C.
gattii have arisen on Vancouver Island rather than a tropical milieu. I do like to relate
lots of things to global warming, but this not one of those events, in my opinion. At least
that I can’t really make a good connection between this event and global warming.

Richardson, Richmond: What functions do they have aside from infecting Alabam-
ians and Pacific Northwesterners?

Pappas, Birmingham: I don’t understand the question.

Richardson, Richmond: What makes them thrive beside humans?

Pappas, Birmingham: Cryptococcus is like aspergillus the other fungi. . .their main
purpose is to degrade organic material. That is their basic function, and something that
all fungi have in common. Cryptococcus was first cultured from peach juice in Italy in the
1890s, and it was considered to be a non-pathogen. At the time it was called torulopsis,
and felt to be a good fermenting agent. It didn’t work well as a fermenting agent; it’s not
an important plant pathogen, so it must serve some other purpose in nature. I hope this
addresses your question. Thank you all for your kind attention and great questions.



